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I.  Introduction. 

Tlie  coinputer-l)ased  Automated  Radar  Ter- 
minal Systems-III  (ARTS-III)  supplies  the  air 
traffic  controller  with  positive  aircraft  identifica- 
tion and  three-dimensional  data  re^ardinjr  its 
Iwation  and  movement  in  the  airspace,  and  thus 
contributes  enormously  to  safety.  .\RTS-III 
also  ease.s  the  workload  of  controllers  hy  reduc- 
inff  intercontroller  coordination,  flifrht  strip  ac- 
tivity, communication  with  pilot.s,  and  activity 
related  to  radar  and  radio  adjustments.  ARTS- 
III  differs  operationally  from  the  old  radar 
.system  in  sevei'al  ways.  Controllers  do  not  carry 
out  as  nmch  “face  to  face”  coonlination  htit  must 
communicate  hy  telephone.  .VRTS-III  calls  for 
a {Treat  deal  of  keyboard  work  in  use  of  the  com- 
puter I'he  radar  consoles  are  arran{red  in  is- 
lands ecpiipped  with  horizontal  cathode  ray 
tulM's.  and  the  li{Thtin<r  level  is  somewhat  hi{iher 
in  the  new  terminal  radar  approach  control 
(TRACON)  facilities  than  it  was  in  the  old 
ones.  .Many  other  environmental  chan{res  accom- 
panied ARTS-III:  temperature  is  more  closely 
c<»ntrolled,  decor  is  pleasant,  and  eatiu{r  facilities 
are.  improved.  Pai-kin{r  is  clo.se  by.  whereas  it 
had  iH'en  in  fairly  remote  areas  at  the  towers. 
The,  l)eneficial  effects  of  .VRTS-III  mi{rht  be  re- 
flected in  measurably  reduced  phy.siolo<Tical  and 
psycholo{rical  stress. 

The  effect  of  ARTS-III  on  controller  stress 
was  estimated  from  pre-  and  po.st-ARTS-II  1 
measurements  made  at  Los  An{reles  (L.VX)  and 
Oakland  Ray  .Vrea  (O.VK)  TR.V(X)\  facilities. 
When  the  pre-.VRTS-III  measurements  were 
made  at  Oakland  in  Au{Tust  1072  (O.VK-l)  ami 
at  IjOs  .Vn{Tcles  iji  XovemlK*r  1!>72  (L.VX-1),  the 
TR.VCO.Vs  were  ha’afed  in  the  towers.  When 
the  posf-.VRT.S-III  studies  were  carried  out  iu 
.filly  1!>74  (L.VX-2)  and  XovemlKM’  1071 

(O.VK-2),  the  TR.VCOXs  were  ha-uted  in  build- 
iii{Ts  separate  from  the  lowers.  ARTS-III  had 
la>en  operational  for  about  o months  at  the  times 
of  L.VX-2  and  OAK-2.  Results  at  the  two 


TR.VCOXs  were  so  similar  that  they  are  reported 
t«){Tether. 

II.  Methods. 

'riiirteen  controllers  served  as  subjects  in 
L.VX-1  and  17  in  OAK-1.  Xine  of  the  ori{rinal 
i:i  controllers  (60  percent)  at  L.VX  and  11  of 
the  ori{rinal  17  (6.5  percent)  at  O.VK  st*rved  as 
subjects  in  the  po.st-.VRTS-III  studies.  Urine 
data  were  obtained  from  seven  of  the  nine 
LAX-2  subjects  (78  percent). 

Subjects  reported  to  the  temporary  lalmratory 
areas  in  the  TRACOXs  .W  minutes  la-fore  {roin<T 
on  duty.  I’liey  were  fitted  for  ambulatory 
elect  icH’ardio<rraphy  as  previously  descrilied.^ 
Klectrocardio{rrams  (KCGs)  from  all  subjects 
were  recorded  on  tape  throu{ihout  each  of  five 
8-hour  day  shifts.  Prework  heart  rates  were 
measured  diirin{T  recordiu{i  system  eheckout  at 
the  time  of  electnxle  application.  ECG  tapes 
were  sj)ot  checked  at  the  end  of  experimental 
periods  to  verify  that  the  recordin{TS  were  tech- 
nically {rood.  ECG  tapes  were  later  i-educe<l  to 
1-minute  heart  rates  in  the  laboratory  at  the 
Civil  .Vei-omedical  Institute  (CAMI). 

Each  subject  was  instructed  to  void  and  dis- 
card urine  prior  to  retirin{r  the  ni{rht  In'foiv 
each  day  of  biomedital  observation  and  to  collect 
a complete  urine  specimen  on  ansiu{r.  This 
sj)ecimen  was  used  as  the  reference  specimen  in 
all  biochemical  estimates  of  stre.ss.  The  subject 
was  similarly  in.structed  to  void  and  discard 
urine  just  liefore  {Toin{r  on  duty  and  to  collect  in 
one  vessel  all  urine  he  voided  (lurin{T  the  8-hour 
work  period.  The  specimen  was  used  as  the 
“work  specimen"  in  estimates  of  stress. 

Urine  was  collected  in  l-(|uart  plscstic  Imttles 
that  contained  dry  boric  acid  as  a pres(>rvative. 
When  each  urine  specimen  was  <leliveml  to  the 
temporary  laboratory,  it  was  immediately  imirked 
with  a ciale  number.  lo{T{Ted.  and  placed  in  a 
freezer.  .S|M‘cimens  were  kept  frozen  until  they 
were  thawed  for  analysis  at  C.VMI. 
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Urine  was  analyzed  for  17-keto<;enie  steroids 
(st),  epinephrine  (e),  and  norepinej)hrine  (ne), 
and  creatinine  (cr)/’  In  tliis  report,  results  are 
expressed  as  inicro<rrains  per  100  milli^ranis  of 
er.  From  these  results  stress  indices  were  cal- 
culated as  described  in  ai\  earlier  publication." 

The  State-Trait  Anxiety  Inventory  (STAI)  ’ 
was  used  to  measure  stress  arousal  of  a psj-cho- 
loffical  nature  in  controllers.  Immediately  be- 
fore and  just  after  each  work  period,  each 
controller  completed  the  A-State  .‘^cale  of  the 
STAI,  which  measures  current  anxiety  level. 
The  A-Trait  scale  of  the  STAI,  a measure  of 
anxiety  proneness  or  typical  level  of  anxiety,  was 
presented  to  each  controller  just  la-fore  the  initial 
shift  of  the  study  and  again  at  the  completion 
of  the  bust  ob.served  workshift. 

'Pape  recorders  were  attached  to  the  'I'KACOX 
tape  reconlers  to  record  radio  transmissions  be- 
tween controllers  and  pilots.  It  originally  had 
been  planned  to  reduce  these  tape  recordings  to 
total  controller-pilot  communication  time  as  a 
measui’e  of  workload.  Hecause  controller-to-con- 
troller  communication  was  recorded  in  LAX-2 
and  ()AK-g  and  was  not  recorded  in  UAX  -1 


and  OAK-1,  communication  time  could  not  lx; 
used  as  a reliable  coni[)arative  measure  of  work- 
load. Instead,  the  busiest  approach  control 
■sectoi-  at  both  LAX  and  OAK  was  identified, 
the  recorder  channel  on  which  the  radio  trans- 
missions of  that  sector  wei-e  recorded  was  played 
back  in  real  time,  and  counts  were  made  of  the 
number  of  controller-pilot  contacts  and  of  the 
total  number  of  aircraft  contacted  during  each 
8-hour  work  [leriod.  From  these  counts  the 
numlH-r  of  contacts  per  aircraft  was  calculated. 

III.  Results. 

Heart  Rate..  Table  1 shows  heart  rates  for 
individuals  under  prework  and  working  condi- 
tions. Mean  heart  rates  were  the  same  \inder 
working  conditions  for  the  pre-  and  i)ost-AKTS- 
III  studies.  The  LAX-1  mean  j)rework  heart 
rate  was  .slightly  higher  than  the  corresjxmding 
mean  working  value,  whereas  the  LAX-2  mean 
ju'ewoi'k  heart  rate  was  the  same  as  the  LAX-2 
mean  working  value.  The  O.VK-l  mean  pre- 
work heart  rate  was  lower  than  the  corresi>ond- 
ing  mean  working  value,  whereas  the  OAK-2 
mean  prework  and  working  values  weiv  the 
same. 


TABLE  1.  Individual  Heart  Rates 


LAX-1 

-2 

OAK-1 

OAK- 2 

Pre- 

Percent 

Pre- 

Percent 

Pre- 

Percent 

Pre- 

Percent 

Subtect 

Work 

Work 

L 

a°tis 

Work 

A 

Work 

A 

Work 

Haife 

A 

1 

92 

85 

(7.2)* 

89 

94 

6.0 

79 

80 

1.3 

84 

86 

2.0 

2 

81 

77 

(5.8) 

Ti 

84 

15.0 

66 

81 

23.2 

73 

73 

0 

3 

78 

59 

(23.5) 

74 

58 

(21.6) 

89 

101 

14.1 

103 

98 

(4.9) 

l> 

97 

99 

2.6 

85 

89 

4.9 

74 

78 

5.7 

79 

75 

(5.9) 

r . 

j 1 

;•  t 

5 

80 

66 

(17.9) 

70 

69 

(1.9) 

71 

88 

24.9 

70 

78 

11.3 

6 

95 

92 

(3.5) 

90 

92 

1.8 

76 

89 

17.2 

83 

92 

10.9 

7 

92 

92 

0 

88 

87 

(0.7) 

83 

73 

(11.4) 

93 

88 

(4.9) 

^ ; 

8 

87 

79 

(9.4) 

87 

77 

(11.4) 

69 

71 

2.8 

64 

60 

(6.2) 

\ 

9 

66 

72 

9.4 

63 

67 

6.7 

65 

73 

12.6 

68 

70 

3.1 

10 

72 

75 

4.7 

81 

80 

(1.1) 

r,  * 

11 

75 

74 

(0.9) 

80 

82 

1.9 

1 

X 

85 

80 

80 

80 

74 

80 

80 

80 

S.D. 

10 

13 

10 

13 

7 

9 

11 

11 

* Parenthesis  Indicate  that  working  value  Is  less  than  resting  value. 
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Table  ii  shows  that  there  are  no  sifrnifieant 
differences  at  either  TUAC’OX  in  the  Kroup 
mean  heart  rates  durin<r  work  at  the  various 
positions. 

JJrine  Chcmhtnj.  Table  3 shows  the  I’estinfr 
(night  sleep  sjH'cimen)  and  working  values  for 
-st,  e,  and  ne  for  L.VX-1  and  -2  and  OAK-1 


an<l  -2.  Kesting-to-working  differences  are  sig- 
nificant for  all  three  stress  indicatr)rs.  Both 
ivsting  and  working  levels  of  excretion  of  st 
were  significantly  reduced  in  the  BAX-2  and 
OAK-2  groups  from  the  levels  in  BAX-1  and 
O.V.K-1.  The  resting  level  of  e e.vcretion  was 
not  significantly  different  between  the  BAX-1 


TABLE  2.  Comparisons  of  Heart  Rates  During  Different  Activities* 


First  Activity 

Average 
Heart  Rate 

Second  Activity 

Heart  Rate 

Significance 
Leve 1** 

LAX-1  AR 

80 

LAX- 2 AR 

81 

N.S. 

LAX-1  DR 

79 

LAX- 2 DR 

80 

N.S. 

LAX-1  Others 

80 

LAX-2  Others 

81 

N.S. 

LAX-1  Prework  Heart  Rate 

85 

LAX-2  Prework  Heart  Rate 

80 

.01 

LAX-1  Average  All  Positions 

80 

LAX-2  Average  All  Positions 

80 

N.S. 

OAK-1  AR 

78 

OAK-2  AR 

79 

N.S. 

OAK-1  DR 

79 

OAK- 2 DR 

79 

N.S. 

OAK-1  Others 

82 

OAK-2  Others 

81 

N.S. 

OAK-1  Frework  Heart  Rate 

74 

OAK- 2 Prework  Heart  Rate 

80 

.01 

OAK-1  Average  All  Positions 

80 

OAK-2  Average  All  Positions 

80 

N.S. 

*AR  « Arrival  Radar,  DR  ■ Departure  Radar,  Others  « Data  Positions,  Coordination  Work,  Supervision 
and  Training 

**Wilcoxon  matched -pairs  signed-rank  test 

I TABLE  3.  Comparisons  of  Levels  of  Urinary  Stress  Metabolites  at  Los  Angeles  (LAX) 

- and  Oakland  (OAK)  TRACONs  Before  and  After  ARTS-lII  Installation 


st e ne 


Facility 

Rest 

Work 

.A 

P 

Rest 

Work 

A 

P 

Rest 

Work 

A 

£ 

LAX-1 

521.3 

1152.5 

631.2 

.01 

0.38 

1.19 

0.81 

.01 

2.07 

4.26 

2.19 

.01 

LAX-2 

382.9 

700.1 

317.2 

.01 

0.76 

1.95 

1.19 

.01 

3.30 

5.42 

2.12 

.01 

A 

138.4 

452.4 

0.38 

0.76 

1.23 

1.16 

£ 

.05 

.01 

N.S. 

.01 

N.S. 

N.S. 

OAK-1 

485.1 

899.2 

414.0 

.01 

0.39 

1.25 

0.86 

.01 

1.59 

2.58 

0.99 

.01 

OAK-2 

319.7 

679.5 

360.8 

.01 

0.76 

2.26 

1.50 

.01 

2.24 

3.47 

1.23 

.01 

A 

166.4 

220.6 

0.37 

1.00 

0.64 

0.89 

£ 

.01 

.01 

.01 

.01 

.05 

.01 

3 


1 


\ 


i 

i 


ami  -2  f^roups;  however,  the  workiiifr  level  of  e 
oxeretiou  was  sif^iilieantly  elevated  in  the 
LAX-2  firoup.  Both  restin^r  ami  working;  levels 
of  e excretion  were  sij;nificant ly  jjreater  in  the 
OAK-2  j^roup  than  in  the  OAK-1  firoup. 
Xorepinehrine  showed  an  insi^rnificant  elian<;e  at 
LAX  and  a sifjrnifieant  change  at  OAK  from 
liefore  to  after  AKTS-III  installation. 


StTtta  IrAlcaa  for  Various  Air  Traffic  Control  Pacllltlos 


faclluy 


O’Hara  Towar  I.OS  1,41 
Opa  Locka  Tovar  0.84  0.64 
Atlanta  AXTCC  0.82  0.76 
Hlavl  MtTCC  0.76  0.61 
LAX-2  0.75  0.25 
t'ouaton  Intarcontlnantal  Tovar  (1970)  0.74  1.27 
OAK-2  0.72  0.23 
Houston  Intarcont Inantal  Tiwat  (1971)  0.68  0.89 
OAX-1*  0.60  0.62 
UX-1*  0.60  0.66 
Kort  Worth  ARTCC  0.34  0.22 


0.75 

0.74 

0.>4 

0.71 

0.69 

0.29 

1.31 

0.62 

0.76 

0.34 

0.58 


0.98 

1.15 

1.37 

0.96 

1.31 

0.65 

0.61 

0.52 

0.43 

0.81 

0.20 


*Vatuas  for  OAK-1  and  LAX-1  vara  dartvad  froai  all  controllars  part icipat Ing 
in  thoaa  atudtaa.  Sac  Tabla  V for  valuaa  fron  controllers  vho  servad  In 
pra-  and  poat-ARTS-lU  studies. 


An  earlier  report described  a stress  index 
(C„)  that  was  derived  from  mathematically  ad- 
justed (c)  values  of  .st,  e,  and  ne.  This  index 
greatly  facilitates  the  comparison  of  stress  at 
different  air  traflic  control  (ATC)  facilities. 
Table  4 shows  the  values  for  the  composite 
inde.N,  C'».  together  with  c,,,  c„  and  c,„  at  the  air 
traflic  facilities  studied  thus  far.  It  is  evident 
from  Table  4 that  total  stress  was  greater  in 
L.VX-2  and  OAK-2  than  in  LAX-1  and  OAK-1. 
Further,  it  is  evident  that  the  inci'ease  in  total 
stress  is  entirely  due  to  increased  excretion  of 
catecholamines,  because  steroi<l  e.xcretion  was 
actually  reduced  in  L.\X-2  and  OAK-2. 

Table,  i)  shows  a comparison  of  .stress  indices 
calculated  from  data  of  individual  controllers 
who  participated  in  both  studies.  Three  con- 
trollei-s  at  L.VX  and  two  at  OAK  showed  de- 
creases in  C„  all  controllers  at  LAX  and  all  but 
one  at  OAK  showed  dccrea.ses  in  c„,,  all  LAX 
controllers  and  all  but  one  OAK  controller 
showed  increases  in  iv,  and  three  controllers  at 
L.VX  and  two  at  O.VK  showed  decreases  in  ci- 


table 5.  Stress  Indices  From  Individual  Controllers  Before  and  After  ARTS-III  Installation 


•^st 


c 


e 


c 


ne 


LAX  I g 1 2 1 2 I 2 

Subject 


1 

0.90 

1.25 

0.96 

0.34 

0.48 

1.80 

1.25 

1.61 

2 

0.42 

0.37 

0.64 

0.20 

0.20 

0.50 

0.42 

0.41 

3 

0.30 

0.36 

0.48 

0.32 

0.09 

0.18 

0.32 

0.57 

4 

0.48 

1.28 

0.33 

0.21 

0.38 

1.11 

0.72 

2.51 

5 

0.62 

0.47 

0.55 

0.14 

0.43 

0.67 

0.89 

0.60 

6 

0.52 

0.47 

0.68 

0.34 

0.20 

0.42 

0.69 

0.65 

7 

0.42 

1.42 

0.59 

0.33 

0.29 

0.59 

0.38 

3.42 

24E 

1 

2 

1 

2 

1 

2 

1 

2 

Subject 

1 

0.45 

0.68 

0.58 

0.51 

0.53 

0.99 

0.24 

0.54 

2 

0.73 

0.72 

0.50 

0.27 

1.21 

1.17 

0.50 

0.72 

3 

0.57 

0.47 

0.56 

0.21 

0.49 

0.59 

0.67 

0.60 

4 

0.35 

0.71 

0.31 

0.29 

0.29 

1.56 

0.44 

0.28 

5 

0.46 

0.69 

0.90 

0.37 

0.23 

1.08 

0.25 

0.63 

6 

0.42 

0.86 

0.59 

0.43 

0.24 

1.27 

0.43 

0.88 

7 

0.27 

1.36 

0.20 

0.21 

0.28 

2.83 

0.34 

1.05 

8 

0.18 

0.57 

1.17 

0.05 

0.15 

1.01 

0.22 

0.65 

9 

0.40 

0.84 

0.73 

0.15 

0.28 

1.81 

0.20 

0.56 

10 

0.33 

0.47 

0.61 

0.16 

0.22 

1.03 

0.17 

0.22 

11 

0.22 

0.74 

0.31 

0.10 

0.16 

1.33 

0.20 

0.79 

4 


RELATIONSHIP  OF  , Cg,  c^e  REPRESENTED 
ON  THE  STRENG  TRIANGLE 


MIA  ('72) 

0.76 


LAX-2  (’74) 

0.75 


lAH-l  (’70)  OAK-2  ('74)  IAH-2  ('71)  OAK-1  ('72  LAX-I  ('72)  FTW  (’73) 


0.74 


0.72 


0.68 


0.60 


0.60 


0.54 


ri(;i  KK  1. — Rnnkiiif;  <if  total  stress  in  ATC  fneilitios  l>y  size  of  Strein;  trlanjtles.  Tlie  internal  lines  represent  tlie 
relative  eoiitrilnitions  of  17-keto);enie  steroids  (<•„).  epineplirine  (iv),  and  noreiiitieplirine  (e„.l  to  total  stress; 
tlie  internal  lines  also  slnnv  the  relationstniis  hetween  e.i,  e..,  and  e,,.. 


The  (lata  in  Table  4 can  be  presented  ^rpuphi- 
ciilly  (Fiji.  1 and  2)  on  the  Strenjr  trianjile.'“ 

In  this  diafirain  the  vahies  for  e,t.  e^,  and  c,,,. 
are  represented  by  lines  diverjrinji  at  anjlles  of 
120°  from  a eonnnon  point.  Lines  eonstrneted 
perpendicular  to  the  ends  of  the  diverjiinfi  lines 
form  an  equilateral  trianjrle.  the  altitude  of 
which  is  etiual  to  the  sum  of  the  lenjiths  of  the 
diverfient  lines.  The  altitudes  (thus  the  area) 
of  the  trianjrle  is  pi'oportional  to  C»,  the  averafie 
of  c,,.  <v.  and  c„,.  One  can  quickly  jraiu  an 
appreciation  of  relative  strcssfulness  by  simply 
comparinfi  the  sizes  of  the  trianjiles  representin'! 
the  different  .VTC  facilities  (Fiji.  1).  In  addi- 
tion, one  can  easily  see  the  relative  contribution 
of  each  of  the  three  metabolites  to  total  stress. 
In  the  cases  of  L.VX  and  OAK.  it  is  apparent 
that  .steroid  excretion  is  jrreatly  reduced  in 
L.VX-2  and  0.\K-2  from  the  levels  in  L.\X-1 
and  O.VK-l  (Fiji.  2).  'I'he  increase  in  total 
stress  can  easily  1k‘  seen  to  lie  due  entirely  to 
elevated  catecholamine  excretion. 


STRENG  TRIANGLE  REPRESENTATION  OF  CHANGES 
OCCURRING  IN  e,|.  C(,  AND  Cnt  AFTER  INSTALLATION 
OF  ARTS  m AT  OAKLAND  AND  LOS  ANGELES  TRACONS 


Fn» 


OAK  ('72)  OAK  (’74) 

Cs*  0.60  0.72 


LAX  (’72)  LAX  ('74) 

0.60  0.75 

Kk.i  KK  i;.-  St  roll;'  tri:iti;;l('.s  shovvluy:  tlu*  inoronst*  in 
(otjil  stiT'.ss  in  OAK-li  and  I*AX-L\  Stn*  l'i;;nro  1 
h*;roiMi  for  oxplnmitlon. 


PxychoJoyical  Data.  The  mean  A-Trait  score 
for  LAX  controllers  (31.3)  was  somewhat 
hifrher  than  the  mean  for  controllers  at  OAK 
(•27.T) ; however,  this  trend  just  failed  to  achieve 
accepted  levels  of  statistical  si<rnificance.  Thus, 
haseltiie,  or  typical,  levels  of  anxiety  were 
roiifrhly  comparable  for  both  firoups.  with  the 
OAK  controllers  indicating;  slif;htly  less  <;eneral 
pi'oncness  to  anxiety. 

The  A-State  results  (Table  G)  were  very 
similar  for  both  LAX  and  OAK  controllers. 
Participants  at  both  facilities  reported  sli{;htly 
hij;her  mean  A-State  scores  aftei'  AKTS-IIl 
in.stallation.  but  the  increases  did  not  apin-oach 
statistical  sifmilicance.  Thus,  it  is  clear  that 
ac(piisition  of  the  AKTS-III  display  had  no 
effect,  bencticial  ‘or  otherwise,  on  an.xietv  levels 
of  controllers. 


TABLE  6.  Mean  A-State  Raw  Scores  for  Air  Traffic  Controllers 
Before  and  After  ARTS-III  Installation 

Pre-ARTS-III  Post-ARTS-III 

Mean  S.D.  Mean  S.D. 


tAX  30.9  6.0  33.4  6.3 

OAK  30.3  4.2  31.2  4.2 


In  previous  studies  of  anxiety  in  air  traffic 
coutrollei-s,-' ' ” the  most  consistent  finding;  has 
l)een  a si;rnificant  iiu'iease  in  A-State  .scores  from 
before  shifts  to  after  shifts.  In  the  present 
st\idy,  the  effect  was  found  to  be  sij;nilicant  only 
for  the  OAK  ;;roup  (p  < .t)l  for  both  pre-  and 
\>ost-AKTS-III  assessments)  (Table  T).  The 
L.VX  conti'ollers  showed  the  same  overall  trend; 
however,  in  la)th  the  L.VX-1  and  L.VX-:2  evalu- 
atifuis.  three  of  the  nine  partieipants  typically 
reported  substantive  deerea.ses  in  .\-State  from 
iK'fore  to  after  shifts,  compared  with  only  one 
such  instance  foi-  the  11  controllers  at  O.VK.  It 
is  worth  notinj;.  howevei'.  that  if  the  adilitional 
four  controllers  at  L.VX  who  participated  in 
the  pre-  but  not  the  post-.Mn’S-IIl  study  are 
added  tf>  the  analysis,  the  L.VX-l  comparison 
of  iK'fore-  and  after-shift  A-State  scores  achieves 


sipiificance  (p  < .0")),  which  raises  a question 
whether  some  nonrandom  selection  jnwess  was 
operating  at  LAX  during  the  two  assessments. 

TABLE  7.  Mean  A-State  Raw  Scorea  for  LAX  and  OAK  Controllera 
Before  and  After  Vorkahlfta 


Pre-ARTS-III 

Poat-ARTS-III 

Before  After 

Before  After 

LAX 

28.4 

33.3 

31.9 

35, 

.0 

OAK 

28.1 

32.5 

28.4 

34. 

.1 

ComparixoH,  of  Phynlolo<ji<-<il  and  Pnychotoyl- 
ral  Data.  As  an  additional  step,  analyses  were 
conducted  on  the  po.ssible  relationship  between 
the  physiolofrical  measures  obtained  in  these 
assessments  and  the  STAI  data.  In  ^reneral, 
there  was  little,  if  any,  correspondence  between 
the  two  sets  of  data.  Neither  A-State  nor 
A-Trait  levels  related  to  working;  or  restiiif; 
heart  rate,  C,,  Cs,.  c...  or  values.  Analyses  of 
chanf;es  in  A-State  levels  also  were  not  correlated 
with  chaiifres  in  these  physiolofrical  measure.s. 

TRAC  ON  orkload^.  In  I>AX-1  theiv  were 
13,806  radio  contacts  with  1.803  aircraft  (7.(56 
contacts  per  aircraft)  on  the  Imsiest  approach 
control  sector.  In  LAX-2  there  were  14,210 
contacts  with  1,860  aircraft  on  the  same  sector 
(7.G4  contacts  per  aircraft).  In  OAK-1  there 
were  8,712  contacts  with  1,190  aircraft  (7.32 
contacts  per  aircraft),  and  in  OAK-2  there  were 
8,827  contacts  with  1.238  aircraft  (7.13  contacts 
per  aircraft).  Thus,  the  number  of  aircraft  and 
number  of  contacts  both  iucmised  by  3 percent 
at  LAX.  .\t  OAK,  the  number  of  aircraft  in- 
creased by  4 percent,  while  the  number  of  con- 
tacts increased  by  only  1 percent. 

IV.  Discussion. 

'I'he  possibility  that  controller  physioloi;ical 
and  psycholofrical  stress  would  be  reduced  by 
-VLT.S-III  was  not  demonstrated  at  L.VX  and 
O.VK. 

Other  F.V.V  studies'  - of  the  effects  of  AKT.'s- 
III  oil  controller  workload  in  the  TK.VOONs 
at  Houston  Intercontinental  Airport  and  at 
lloston  Lofran  .Virpoit  have  shown  a net  reduc- 
tion in  air  traffic  controller  activities.  .'Similarly, 
the  objective  measures  of  workload  in  the  [iresent 
study  show  either  a net  decrease  in  workloail 


nr  insiirnifii'unt  clmn^Tf  as  a ivsiilt  of  AHTS-IIl. 
’I’ln'rofoiv.  till'  iiicrrasc  in  total  physiological 
stress  caitnot  he  attrihuted  to  increased  work- 
load. 

(’onversatiotis  with  controllers  and  supervisors 
nniforinly  indicated  that  AIM’S-III  is  a lar;re 
step  forward  in  air  traliic  control.  None  who 
were  inter\  iewed  would  willintrly  return  to  the 
old  methods.  However,  there  was  also  jreneral 
airreeinent  tliat  o months'  use  is  not  lono'  eiioneh 
to  develop  total  familiarity  and  trust  in  the 
e<|iiipment.  ('ontrollers  at  hotli  L.VX  and  ().\K 
stated  that  a complete  evalnatioti  hv  controlh'is 
wo\ild  he  possible  only  after  a oood  deal  more 
e.\perience  had  heen  ir.ained  in  this  new  work 
environment. 

Tints,  the  iticrease  in  the  estimated  total  stress, 
entirely  accounted  for  hy  increased  <'!ttecholamin<- 
output,  may  he  \iewed  as  hein;T  based  on  con- 
trollers' attitudes  at  that  time  toward  .VHTS- 
III.  \t  the  time  of  those  studies,  controllers' 
attitudes  weri'  somewhat  andii\ :ilent.  Control- 
lers liked  the  reduction  in  <-oordinat ion  both 
with  other  facilities  and  within  the  TKACO.V. 
they  liked  the  setise  of  pri\acv  at  the  ra<hir 
islands,  and  they  liked  the  <lecor  and  the  illumi- 
nation level.  They  diil  not  like  the  lociition  of 
the  telephone  patiel  and  the  inconvenience 
occasioned  by  iin familiarity  of  other  ,VTC  facil- 
ities with  new  TH.VCO.N  procedures. 

The  rednci'd  level  of  e.xcretion  of  st.  under 
both  restin;:  and  workiii”'  conditions,  after 

Ains-iii  installal  ioit  indicates  reduction  in 
chronic  sti'ess.  The  chronic  stressor  that  is  re- 
duced from  before'  to  after  .MM'.S-III  installa- 
tioti  cannot  be  |)ositively  identified,  lint  it  may 


reliite  to  improve  morale  in  the  new  ((iiarters. 
i'idar<re<l  controller  responsibility  and  thus  less 
direct  supervision,  and  improved  hihor-manafre- 
ment  relations. 

With  respect  to  A-State  levels,  the  (itidin*rs 
are  eenc'ially  typical  of  those  obtaitied  from 
other  controller  point  hit  ions;  to  wit.  workiii"-  as 
:in  iiir  tfiillic  controller  hits  some,  appiirently  nor- 
mal. iiroiisiiifr  <|n!ilities  tis  evidi'iiced  by  the  aver- 
iijri'  increase  in  .V-.State  .scores  from  before  to 
tifter  shifts.  Thon<rh  of  insuflicient  freiiuency  to 
be  considered  ti  cletir  trend  in  the  present  .study, 
the  few  individual  exce|ilions  to  this  finding' 
may  reflect  certain  diversionary  characteristics 
of  the  work  for -some  persons  who  ha\e  hifrher- 
tlvan-averafre  levels  of  chronic  anxiety.  If  .snb- 
se(|iiently  confirmed,  this  would  lend  support  to 
.'spielbeffrer's'  hypothesis  thiit  per.sons  rehitively 
hijrh  in  A-Trait  may  be  diicrted  from  inter- 
nalized stimuli  that  are  cues  for  anxiety  re- 
sjionses  by  eni;a>;in}r  in  absorbinjf  tasks;  this 
ob.servat ioti  was  also  considered  by  .s^inith’"  in 
the  assessment  of  anxiety  in  stnilent  pilots. 

The  failure  of  ,\-Trail  and  ,V-.State  measures 
to  correlate  in  tiny  wtiy  with  the  physiolojrica I 
measures  employed  in  this  .study  is  consistent 
with  the  norm  for  such  studies.''  Of  many  pos- 
sible explanations  for  this  lack  of  corres])ond- 
ence.  perhtips  the  simplest  is  that  the  physio- 
logical ami  p.-ycholoiriciil  measures  assess  different 
aspects  of  the  possible  reactions  to  stress  situa- 
tions. He  llitit  as  it  may.  it  is  clear  that  what- 
evi'r  the  physiological  cost  of  work  as  an  ail 
traliic  controller,  the  psycholoirical  impact,  at 
least  as  reflected  in  anxiety  stati's.  is  not  par- 
t icidarly  dramat  ic. 
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